The South Australian Business Unit of Santos Ltd is a significant producer of sales gas. A large program of work is undertaken each year to ensure that gas markets are met.
Introduction
Modeling the activities involved in the annual gas field development program at the South Australian business unit of Santos Ltd is a complex process. Typically, each well connection project in the program has in the order of 13 activities to plan and manage. For a program of more than 120 projects this represents over 1600 items. Up to 7 critical resources need to be coordinated for each project, and there could be 36 activities overlapping at any one time. The program represents a significant proportion of annual development expenditure. Controlling field development costs has a very significant impact on ability to meet budget.
This gas field development takes place in the Cooper Basin of South Australia, an extremely isolated area. The program environment is highly volatile, subject to interruptions due to weather, drilling surprises arising from field heterogeneity, technical difficulties, material supply hold ups and logistics problems. Simply getting equipment to and from a well site is very demanding, often requiring a day to travel between sites, while wet weather makes the local outback roads impassable. Gas well development resources in the region are limited and the cost of introducing new ones (often from overseas) can be prohibitive. Optimizing the use of the resources that are available is critical.
Applying conventional time based scheduling methods to this problem proved frustrating and ineffective. A quarterly gas development plan known as the Short Term Production Schedule (STPS) set the budget for gas-on-line delivery from all projects, including gas field development. STPS was drawn up and published by the Reservoir Development Planning Group. The Petroleum Engineering Group (PE) developed an estimated resource level to serve the gas well development activities, in an attempt to deliver the program of work against the budgeted requirements in the STPS.
The focus of the PE schedule was on the Workover Rig usage. It was left up to field operatives to juggle other resources to fit around the activities of the rig. It was common practice to have a rig idle at site if there were unexpected delays.
The rigidity associated with the process made it difficult to know to where best to send it. The perceived difficulty of building a meaningful schedule meant that a solution was not actively sought. Short term Schedules were produced fortnightly. Plans tended to get 'locked in'.
The volatility of the field development environment inevitably rendered the schedules obsolete. Attempting to meet the STPS often meant delivering individual projects at additional cost. Extra resources would frequently be called up to get a project back on track, without regard for the overall status of the program. Hold ups due to clashes with other well site activities such as construction were common, causing periods of waiting. The overall outcome was that the program was over resourced, with up to 4 Workover Rigs in use, significant Workover Rig and Fracture Stimulation Spread stand-by time occurring and a heavy dependence on the skill and experience of particular individuals in juggling competing activities to be able to realize the program.
The general feeling was that of flying by the seat of one's pants. Confidence in the PE schedule was low, with a corresponding effect on confidence in the ability to meet budget for gas-on-line. The effect of poor planning on costs was not easily quantified, but many of the program costs such as Workover Rig hours, Fracture Stimulation Spread days and wire line days were time based. As time was being managed so badly, there had to be an opportunity to dramatically reduce costs. This paper describes how applying a constraint management approach to the field development program has delivered confidence in delivery against forecast and significantly enhanced resource usage with corresponding cost savings. There were also additional benefits from the extension of the scope of the planning task outside the boundaries of the original PE process, which are described in this paper later.
Applying constraint and project management principles to the problem
Work started in 1997 developing an application of constraint management theory for the planning of the Santos South Australian field development program. Constraint management theory sets aside detailed resource based activity scheduling and focuses on managing project constraints at the deliverable level. A constraint is defined as any restriction on the flexibility of the planning process, including resource limitations, fixed delivery dates, or dependant activities which are outside the planning scope of the program. The theory proposes that moving the focus of management from individual task completion and time estimates, to the critical factors which will limit project delivery, enables the greatest benefit from management effort to be obtained.
Central to the process, is the determination of an appropriate planning level for the problem at hand. Distinguishing between strategic, tactical and operational requirements is necessary to create a planning process which can provide visibility at the levels needed. Constraining factors are then applied to the plan, to produce an optimal outcome.
Program and project plans at the strategic level are designed to produce visibility as to whether high level goals can be met. This may take the form of projections against budget for a whole program of work. Project plans at the tactical level are designed to support decision-making processes with regard to the project management variables of time, method and resources.
Operational project plans provide a detailed schedule of work against time, to direct the execution of project tasks.
The plan produced in this case was designed to enable management of the program at the tactical level, to provide support to the decision-making process. To produce a tactical plan, milestone planning and mapping techniques were used (as described below), where a milestone is defined as a point in time where a critical activity can be shown to be 100% complete. First, the individual milestones required to deliver a 'typical' project in the program are determined. Completion criteria for each milestone are captured and documented, and the milestone reviewed against these criteria to ensure it has been correctly described. The relationship between milestones and the normal time interval between them is modeled. The outcome of this exercise is a template for a generic tactical project plan. This generic template is called a project string. (Fig. 1) Turning the project string into an actual program plan is achieved by identifying variations from the typical conditions assumed. For each project in the program all the project information is loaded into a modeling tool. Constraining factors such as fixed project dates are then applied for each project, to provide a best case scenario for implementation.
Optimizing the plan requires an initial resource driver to be identified. The resource driver is the program resource which determines the maximum possible throughput of projects (i.e. has the worst supply/demand ratio). It can be thought of as the weakest link in the chain. The resource most likely to be the driver for a given program of work is normally easily identified from known organizational conditions. This is an iterative process, with gradual refinement of the model based on reported performance on milestone delivery (Fig. 2) .
Consistent delivery failure will indicate a need to change the resource driver due to either invalid assumptions or a shift in resource constraints. Further resource drivers can be added once the initial driver is optimized, progressively including resources in order of their supply/demand ratio.
Once the resource driver (or drivers) have been identified detailed operational requirements for those resources are incorporated into the plan. The aim is to produce a plan able to predict optimum use of the constraining resources, while using a process that is flexible enough to operate effectively in a highly volatile environment. The final outcome represents a planning tool able to model the whole program of work at a tactical level.
The planning tool provides a capability for varying data relating to the standard project variables of time, method, and resources which can be maintained in real time.
A team based planning initiative complements the planning tool. Key members of the organization come together in a weekly planning forum, whose role is clearly defined (Fig. 3) . The planning forum ensures that team members take ownership of the plan and are accountable for delivery of their milestones. While the planning tool provides the modeling capability to support the decision-making process, only the planning forum members can provide the knowledge, intelligence and context to perfect the plan.
They are able to negotiate changes to time, method and resources in order to achieve the optimal delivery of the program as a whole, supported by the tactical information available in the planning tool and it's associated reporting system. The reporting system is a vital part of the process, ensuring the timely availability of project information and planning information to project personnel.
Implementation
The first PE Planning Initiative took place in 1998. The Workover Rig was identified as the initial resource driver, to be the focus for optimizing the program. This was quickly extended to include the Fracture Stimulation Spread. The project milestones were identified and mapped as described above for each project in the program. Workover Rig and Fracture Stimulation Spread activities were included at the operational level in the plan with detailed time estimates of task requirements being made. Commercially available Planning Software was used to provide the modeling required to capture and display the milestones and relationships identified (Fig. 4) . This model was established as the planning tool for the PE Planning process.
Once the data had been loaded into the planning tool, Workover Rig activities were optimized. By varying the number of rigs available, a balance was achieved between meeting the master schedule requirements and optimum utilization of the rigs. The output from this process was the PE Schedule.
As is described above, it was understood that simply producing an optimized plan would not provide the intelligence and knowledge that was required to improve project outcomes. Important information, such as the distance between well sites and the associated logistics, could not be known to the planning tool. Nor was it likely the tool alone would be able to establish the confidence in the planning process required for the plan to be fully implemented.
To do this would require a shift in thinking and this was achieved by a move to team based planning.
A weekly planning forum was initiated, with well-defined roles and responsibilities. A dedicated planner, whose responsibility was to gather data and maintain the planning tool, supported the forum. This forum consisted of all the key staff members associated with the program.
The planning cycle adopted took the form of:
1. The weekly issue of the proposed PE Schedule by the program planner,
showing the current status of program operations. 2. The planning forum, where negotiations on changes to the proposed plan took place. 3. The issue of a revised PE Schedule and notification to key operators and staff of the planning forum decisions.
The immediate effect of this initiative was to place ownership of the plan in the hands of the people responsible for executing it. The planning forum became a place of robust negotiation, where decisions could be made in the knowledge that it was possible to review and re-optimize the plan in real time. The actual status of each project was known, and the tactical nature of the plan gave the team a 'what if' capability. The team could assess the impact of alternative actions proposed. The best location for the Workover Rig could be ascertained, and the rig operators had a high degree of confidence that the chosen site would be ready for them. It no longer made sense to stay put and wait out a hold up.
The processes also become a vehicle for communication and dissemination of information, with a number of reports being developed and distributed to direct activities.
Extending the process
Once optimizing of Workover Rig and the Fracture Stimulation Spread activities had been achieved, the process could be extended incrementally to encompass all critical resources. A second PE Planning Initiative (1999) extended the process to capture and optimize all the well servicing resources, including the Workover Rig, Fracture Stimulation Spread, Electric Line and Coil Tubing Resources. The project milestone map was extended to include non-field deliverables, such as the Project Initiation Package, Cost Estimates, Approvals, and Design activities.
Demands on office staff were reflected in the plan, as it became clear office operations were a constraining factor in project delivery. Material supply was drawn into the process, with particular relevance to long lead time items. (Fig. 5) .
The plan took on a strategic role, it's 'what if' capability being used to address long term issues relating to the gas well development program and it's ability to deliver against budget. (Fig. 6) .
Opportunities for further development
The current PE Planning Initiative (2000) aims to extend the process to all aspects of the Gas Deliverability Program, from budget planning to meeting market requirements. Flowline activities have already been included. It is hoped that the process can be applied to other development activities which are central to the strategic planning of the gas well development program. Extending the scope of the process will increase certainty in program delivery, as more and more constraining factors are brought into the model. As each constraining factor is incorporated into the process, it's impact on the overall process can be managed.
As yet limits to the capability of the constraint management process have not been found.
To succeed will require acceptance within the company that the process can bring confidence in delivery of program goals, and that extending it to other areas such as drilling will deliver further savings in time and resource costs.
Measuring performance
Key indicators of improved performance that has been demonstrated by the PE Planning process are:
Utilization rates of particular high cost resources such as the Fracture Stimulation Spread and Workover Rigs (Fig.7 & 8) . Unit cost reductions for high cost, time-based resources such as Workover Rigs and Fracture Stimulation Spreads. Production variances against the STPS STPS milestone Hit/Miss report, (Fig. 9) , indicates if the resource mix available is sufficient to deliver the program. Stock on hand levels have reduced, as the increased predictability of project material requirements has enabled the effective introduction of inventory management contracts.
Key outcomes of the process
The immediate outcome of the first PE Planning Initiative was seen in the increased utilization rates of the Workover Rigs and the Fracture Stimulation Spread.
Output from the Fracture Stimulation Spread increased by a factor of 2. Number of Workover Rigs in regular operation dropped from 4 to 1. The cost of the Fracture Stimulation Spread contract, which dropped significantly after re-negotiation due to reductions in loading for down time.
Confidence levels in the STPS increased. The attention of management began to move from individual project completion, to delivery of the whole gas well development program against budget. This was evidenced by a change in focus to cumulative gas-on-line. The planning tool can report incremental gas-on-line for each project, and has developed a strategic capability to forecast gas-on-line delivery against budget for the whole program. The process has a track record of converting forecast to actual delivery.
Accountability for achieving milestones is clear under the new regime. This enables decisions to be made regarding missed milestones based on 'real' information rather than perceptions. Resource problems have become visible. One 'surprising' result of the new process was the identification of office activities as constraining factors. Over time, the process was able to make visible what the real constraints were in the program.
Fundamentally, there has been a paradigm shift from re-actively protecting the master schedule from the challenges of project events, to pro-actively managing the available resources to facilitate the delivery of the program. The project team members were passengers in the original process. Now they are the drivers of the plan.
Conclusions
Quality planning can be achieved for a program of work such as that of gas well development in a highly volatile environment. Achieving can have a significant impact on the delivery of a program of work and the costs associated with that delivery.
To properly manage the delivery of a major program of well development work in a volatile environment, there must be a strategic and tactical planning capability.
The PE Planning Initiatives have demonstrated that the flow of timely and accurate information to key personnel within the program is a crucial factor in the development and maintenance of a quality plan.
A critical factor in planning and managing projects is selecting an appropriate planning level. Determining what the planning and information requirements of a project are and how they will be best met should be undertaken before developing the project planning approach.
A constraint-based approach to planning can fulfill the resource planning requirements of a major program of gas field development work. A constraint management approach as distinct from a time based approach maintains focus on the real factors affecting project delivery, with an achievable workload for the planner, and provides the visibility and flexibility required to support decisions regarding potential corrective action should projects go off track.
A successful planning process must maintain clear accountability for delivery against project milestones and for the management of the resource and method constraints which apply at any point in time.
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